INTRODUCTION
The surge in the brightness of a surface viewed in the backscatter direction has been known for over a century.
It was first discovered by Seeliger (1887; 1895) in light scattered from the rings of Saturn. It was independently rediscovered in light from asteroids and the moon by Gehrels (Gehrels, 1956; Gehrels et al., 1964) , who called it the "opposition effect" because it occurs near astronomical opposition when the phase angle (the angle between the sun and the viewer as seen from the surface of the object) approaches zero. It is also sometimes called the "heiligenschein," and was first reported in light scattered from particulate surfaces in terrestrial laboratories by Oetking (1966) . In vegetation canopies the opposition effect is known as the "hot spot."
Ever since Seeliger's discovery, the accepted explanation for the opposition effect, or hot spot, has been shadow-hiding, in which elements of the medium hide their own shadows at zero phase angle. However, it has recently been recognized that an interference phenomenon known as coherent backscatter can cause an opposition effect. Kuga and Ishimaru (1984) were the first to invoke this mechanism to explain the backscatter peak they observed in the bidirectional reflectance of a particulate medium. It was shown that this process is responsible for the opposition effect of the moon (Hapke et al., 1993) and, very likely, of most of the other bodies in the solar system. Because the hot spot is a useful tool in the remote sensing of vegetation canopies and soils, and because the two types of mechanisms sample different properties of a medium, it is important to understand which is the primary cause of the hot spot.
In this paper we report the results of measurements that enable the two phenomena to be distinguished in selected samples of vegetation and soil.
MECHANISMS OF THE HOT SPOT
The production of a surge in the brightness of a medium in the backscatter direction by shadow-hiding is intuitively obvious and is illustrated in Figure  1 . If the medium consist of scatterers that are large compared with the wavelength of the incident light, they will cast well-defined shadows on other parts of the medium.
These shadows are partly visible when the surface is viewed from any direction except the direction of the source of incident light; at this special angle each scatterer hides its own shadow. The hot spot involves the rays of light that are scattered only once from the leaves of a canopy or grains of a soil. The multiply scattered light serves mainly to fill in the shadows and decrease the amplitude of the peak relative to the continuum reflectance. The angular width of the peak depends on the porosity and size distribution of the scatterers of the medium (Hapke, 1986; Hapke et al., 1993 The path difference is Note that the phenomenon involves only light that has been scattered two or more times within the medium.
More general and rigorous theoretical treatments (Stephen and Cwilich, 1986; MacKintosh and John, 1988; Peters, 1992) shows that this simple model overestimates the amplitude of the hot spot, and also that Figure  4 , for the grass in Figure  5 and for the spruce needles in Figure  6 . Although each of these samples exhibits a hot spot, /tc decreases monotonically as g decreases. Thus, it may be inferred that for these vegetations the hot spot is due primarily to shadow-hiding.
However, in Figure  7 for moss, it is seen that/_c increases with decreasing g when g< 4°. Hence, the hot spot of the moss appears to be caused primarily by coherent backscatter.
Curves for the soil in which the clover grew are given in Figure  8 . As collected, this sample was damp, but not wet, and had many millimeter-sized clumps. Figure  8 shows that in this condition the opposition effect of the soil is caused by shadow-hiding. However, after the soil was allowed to dry it exhibited coherent backscatter. The preliminary results of this paper imply that current hot spot models that invoke shadow-hiding (e.g., Verstraete et al., 1990; Borel et al., 1991; Kuusk, 1991; Hapke, 1986) 
